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Materials and Methods
Reagents, UAA and dyes
Chemicals and cell culture reagents were obtained either from Sigma Aldrich (now Merck, Darmstadt, Germany), AppliChem GmbH (Darmstadt, Germany) or Lonza (Cologne, Germany), unless stated otherwise.
The unnatural amino acids propargyl-L-lysine (PRK) and trans-Cyclooctene-L-lysine (TCO*A, following termed TCO) were purchased from Sirius Fine Chemicals SiChem GmbH (Bremen, Germany). Clickable dyes were Abberior Star635P-azide and Abberior Star580-tetrazine, provided by Abberior Instruments (Göttingen, Germany).
Epifluorescence microscopy
To generate overview images of cells clicked with the particular fluorophores Star635P or Star580, an Olympus IX 71 inverted fluorescence microscope (Olympus, Hamburg, Germany) equipped with a 20 objective × (Olympus) was used. Fluorescent images were acquired by a CCD camera (FView II, Olympus) and processed with the CellF software (Olympus). A 377/50 excitation filter, a 409 long pass beam splitter, and a 447/60 emission filter were used to detect Hoechst, and to visualize GFP a 480/40 HQ excitation filter, a 505 LP Q beam splitter, and 527/30 HQ emission filter were employed. To identify Star635P fluorescence, a 620/60 HQ excitation filter, a 660 LP Q beam splitter, and a 700/75 HQ emission filter were used. For the acquisition of Star580 a 545/30 HQ excitation filter, a 570 LP Q beam splitter and a 610/75 HQ emission filter were used. All filters were purchased from AHF (Tübingen, Germany).
Data analysis
For the determination of UAA cross-incorporation we performed line scans (61 pixels in length) over manually selected organelles in the imaged cells. Then the Pearson correlation coefficients were determined between the line scans in the green, red and blue channels, and were presented as box plots and bar graphs in Supplementary S4 Fig. S5 . The line scans were performed using self-written routines in Matlab (The Mathworks, Inc, Natick, MA, USA), and the graphs were performed using SigmaPlot (Systat Software Inc, Erkrath, Germany). Cells expressing MITRAC12 were detached from a 6-well plate, were added to resident cells on coverslips expressing SNAP25, and fusion was induced using HVJ-E. Subsequently, cells were fixed 5, 10, 15, 20, 30 or 60 minutes after initiating fusion. The confocal images show that the added cells directly attach to residents, and start to connect membranes relatively rapidly. However, they seem to be stressed from the plate-detaching procedure, as indicated by their rounded shape. After 10 minutes cells seem to recover, extend their processes, and proceed to membrane fusion, while they do not yet intermix cytosolic compounds. 15 minutes after pooling the cells, fused cells start to exchange some cytosolic compounds, while a common plasma membrane encases the whole formation (see micrograph at 20 min), building a giant cell with multiple nuclei. Dispersion and intermixing of cell organelles needs up to 60 minutes or longer. However, it is not advisable to fix cells much later than 1 hour after fusion, because the synthesis of new proteins may lead to the uncontrolled incorporation of remaining free PRK or TCO into both POIs, unless protein synthesis is blocked pharmacologically. Scale bar = 5 μm. and Star635P (for SNAP25-GFP). Here we found one fused cell group, containing sick cells (note the frequent vacuoles and the membrane burst to the lower right of the image). This is an extremely rare event (probably less than 1% of all fused cell groups). Scale bar = 5 µm. ▼ Caution TCO should be dissolved in 0.2 M NaOH and not in 12% formic acid in DMSO for stock solution  TCO forms precipitates in12% formic acid in DMSO (see Supplementary Fig. S8 ).
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Supplementary Figures
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Add the DNA/Lipofectamine mixes to the respective set of cells, mix gently and incubate for 18-24 h.
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7| Minimum 4 h before fusion exchange medium to normal BHK medium to remove excess of DNA/Lipofectamine and not incorporated UAAs. 
Cell
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In the meanwhile prepare PRK incorporated cell set on CSs: remove medium and wash cells with prewarmed PBS, remove PBS and add 400 µl ice-cold FB to each CS. Leave on ice for 5 min.
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Remove supernatant from centrifuged TCO cells and resuspend in the respective amount of ice-cold FB (for 250,000 -500,000 TCO cells that will be combined with one CS containing PRK cells, we suggest adding 500 µL FB).
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15| Remove FB from PRK cells and add TCO cells in 500 µL FB on top. CuAAC works also with only ⅔ amount of CuSO 4 , and most of the GFP signal will be preserved.
24|
After click reactions wash cells with 3% BSA in PBS 3x for 5 min. ♦ Additional Information As needed, immunocytochemistry can be applied in this protocol from here as usual.
25|
Finally wash cells 3 10 min with PBS and embed in Mowiol. Keep samples at ≤ 4 °C and perform × microscopy.
